were done to determine the practicality of using cfradar dielectric waveguide for a low-has tramumw " ion line at miffimeter wavelength
I. INTRODUCTION
I N THE MILLIMETER wave region, the attenuation of a conventional metal waveguide is sufficiently high to make many engineering applications impractical. The principle source of this attenuation is the ohmic loss of the induced surface currents in the walls of the guide. In the case of a dielectric waveguide, there are no conducting surfaces, and wall losses are not a factor. Instead, the main sources of attenuation are molecular absorption within the dielectric and radiation from bends and surface imperfections.
Since there are no conductors present, the electric field at the surface of a dielectric waveguide is not constrained to be zero. Part of the energy in a guided mode propagates inside and part propagates outside the dielectric.
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Reducing the cross-sectional area of the dielectric will increase the relative amount of energy propagating outside the guide. If the external medium (e.g., air) has negligible loss, the net attenuation factor of the guide will decrease.
In the case of a circular dielectric waveguide, the lowest order guided mode has no cutoff, and will propagate regardless of how small the guide diameter is. In principle, at least, it is possible to make the attenuation factor of the circular dielectric guide arbitrarily small by reducing its diameter.
In an effort to determine the practicality of using di- MIT-26, NO.9, SEFT13MBER 1978 Note: dC= critical diameter at which higher order modes begin to propagate, d=rod diameter, &= free space wavelength, A=@de wavelength, and q= experimentally determined value for the relative dielectric constant; the close agreement between the experimental value for c and the previously known value for e at 25 GH. confirms that the HE1m ode is indeed propagating.
GHz for Teflon, polystyrene, and fused quartz rods. The results are summarized in Table I . A discussion of the theory is in the Appendix.
Using a theory first developed by Elsasser [2] , the bulk attenuation factor of the HE1~mode on a dielectric rod can be related to the intrinsic loss tangent of the dielectric material. Elsasser's theory is outlined in an Appendix, and only the results are presented here.
The attenuation factor a is related to the dielectric constant and loss tangent by the equation tions from the ends of the dielectric line and the metal The factor of 4.343 is a power conversion factor from nepers to decibels.
Equation
(1) is derived by using Poynting's theorem to determine the fractional power loss in a differential section of dielectric guide. The factor R is derived by integrating the field equations for the HE1, mode. There are many mechanical, chemical, and electrical problems to be solved before dielectric waveguide can be made to replace metal guide. In particular, it will require some mechanical ingenuity to physically support the guide without interfering with its electrical properties. However, the difference in price and weight between silver and plastic may well justify the effort to overcome these problems.
lIt~ho~d be noted that optical fiber theory deals P*Y with multimode propagation in fibers who8e diameters are orders of magnitude greater than the wavelength of fight they transmit. To minimke dispersion resulting from the presence of so many modes, the fibers are typicrdly constructed with a graded index of refraction. The single-mode constant index of refraction dielectric guide described in this paper represents the simplest case of opticaf fiber theory. 
III. APPENDIX
A section of the dielectric waveguide is sketched in Fig.   4 . The field solutions for the various guided modes are found by solving Maxwell's equations subject to the appropriate boundary conditions (i.e., continuity of tangential~and Hat r= a).
The internal fields are described by Bessel functions, which are bounded at the origin. Outside the dielectric, the electric and magnetic fields behave as Hankel functions, which decay exponentially as r approaches co.
Matching the boundary conditions yields the guidance condition for the dielectric rod. This is described in detail by Stratton [8] . Using Elsasser's notation [2] , the guidance condition is (Crf+g)(j+g) -n'(6r/p'+ l/q') (1/p'+ I/q') =0 ( 
primes denote differentiation. c, is the relative dielectric The energy dissipated is constant~2/cl. For a dielectric rod suspended in air, c, can be replaced by EO,the permittivity of free space. n is J~.~d V,
where J= u.i7 the mode index coefficient, and is an integer. p and q are If the medium outside the dielectric is lossless, the current density J will be zero for p >a. Thus the integral in the numerator need only be evaluated between 0< p <a.
By introducing the free space impedance qO= _ , and relating the conductivity o to the loss tangent of the dielectric, [5]
[6]
